Natural zeolite was used for the infrared ray (IR) radiation bodies and the spectral emissivity was meas ured. IR radiation bodies were tested as a heater, and we examined the heat-retention of human body. As a result, the surface temperature heated by the IR radiation bodies was low, and it seemed that IR radiation is not efficient for rapid heating than other ways. However, after six minutes from the heating stop, it was clear that heating by the IR radiation is the best in heat-retention.
Introduction
Recently, infrared rays (IR) are used for the extensive field. IR radiation is being used for the heating, dryness of the lumber, the medical intervention such as a hyperthermia and so on. However, it hasn't been clarified yet how IR radiation effect on the human body. It is needed good IR radiator to study the effect on the human body. From the past studies, the main element of natural zeolite is Si02 that has an excellent IR radiation character [1] . Thus, we used it to make IR radiator. Table 1 Chemical composition of natural zeolite (clinoptilolite)
In this paper, natural zeolite was used for the IR radiation and the spectral emissivity was measured, and we examined the heatretention of human body. The type of heat transfer is divided into three categories : "heat radiation", "heat conduction" and "convection". Therefore, human body was heated by each type of heating, and the effects of the heat-retention were evaluated by using the thermal camera.
How to make a radiation body Natural zeolite contains H2O and various mineral ingredients.
Therefore, natural zeolite was heated in 500 degree so as to stabilize its quality. Table 1 shows the chemical composition pattern of the natural zeolite. Figure 1 shows the fabrication of IR radiation bodies. The layer that was the mixture of the zeolite powder and the binder was formed on an aluminum plate, and was desiccated at room temperatures for 24 hours. Ceramabond 571 (Aremco products, inc.) was used as a binder.
Mixing ratio was changed from 20% to 40% in 5% increment. Table 2 shows the surface of each trial product. Trial products that contain 20% or 25% zeolite dilated when they were heated. The trial products that contain 40% over zeolite cracked when they were dried. Only the trial products that contain 30% or 35% zeolite have durability and heat resistance. Table 2 Surface condition of each trial product
Results and Discussion
The spectral emissivity of each trial radiation body is shown in the figure 2. The emissivity of each product is difference. The emissivity is related to the content of zeolite, and it seems to have relation to the surface condition. The trial products that contain 30% zeolite have the best emissivity of all trial products.
IR radiation paints on the market were used for a comparative object. The spectral emissivity of each radiation body is shown in the figure 3. The radiation character of the trial product that natural zeolite was used for is nearly equal to that of the materials on the market. Especially the trial product is better in the maximum value of the radiation rate. The hand was wormed up to 40 degrees by the three types of Figure  2 Spectral emissivity of each radiation body Figure  3 Spectral emissivity of trial product and IR radiation paints The figure 5 shows a temperature distribution map on the surface of the right hand. The surface temperature heated by the trial product was low, and it seemed that thermal efficiency was not good. In other words, the area that was heated more than 38 degrees was small in "heat radiation", and surface was widely heated in "heat conduction". However, after six minutes from the heating stop, it was clear that heating by the trial product is the best in heat-retention. From these findings, it considers that permeation to the skin of the IR radia tion. IR have the possibility that heating is kept by the epidermis, because they penetrate from the surface of the skin until about 0.3mm and the energy changes into the heat [2] . Moreover, a blood vessel is expanded, and the infrared rays changed into the heat are in the possibility as well that blood circulation is promoted [3] . Furthermore, because there are a large number of mechanoreceptors that receives a stimulus from the outside [4] , it may be that mechanoreceptors were activated by the heat. From now on, it will be examined about the influence of that IR heating gives to the bloodstream and the sense. Furthermore, we have to evaluate the input thermal energy of each heater.
